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(57) ABSTRACT

A semiconductor device in which noise is reduced without an
increase in chip area. The device is used as an MRAM in
which a memory mat is formed on a silicon substrate surface
and the central area of the memory mat is used as a memory
array and the area around the memory array is used as a
dummy memory array. In the dummy memory array, a capaci-
tor is formed between each bit line, each digit line and a
supply voltage line, and a grounding voltage line. Therefore
the peak value of a current flowing in each of the bit lines,
digit lines and supply voltage line is decreased.
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50MHz (20ns F I G- 50A
C [nF] R[Q]  |PEAK CURRENT [mA]|intVCC [V]|PEAK REDUCTION RATIO [%]
1 3.5 85.7 3 33.0
(0.444mm?) 5 71.03] 2945 445
10 49.71 2.803 61.2
15 35 7049  3.054 452
(0.666mm?) 5 57.99 3.01 54.7
10 4292 2871 66.5
2 35 60.59|  3.088 52.7
(0.888mm?) 5 5091  3.046 60.2
10 39.36| 2906 69.3

80MHz (12.5ns) FIG- 508
CInF] RIQ]  |PEAK CURRENT [mA]|intVCC [V] |PEAK REDUCTION RATIO [%]
1 35 88.57 2.99 30.8
(0.444mm?) 5 7705 2915 39.8
10 6167 2683 51.8
15 35 7652  3.032 40.2
(0.666mm?) 5 67.5| 2983 473
10 56.38| 2736 56.0
2 3.5 69.45|  3.057 457
(0.888mm?) 5 62.26 2.989 51.4
10 537| 2763 58.0

100MHz (10ns) FIG. 50C
C [nF] RIQ]  |PEAK CURRENT [mA]|intvCC [V]|PEAK REDUCTION RATIO [%]
1 35 9215 2978 28.0
(0.444mm?) 5 8259|  2.887 35.5
10 702 2598 452
15 35 82141  3.013 35.8
(0.666mm?) 5 748]  2.926 418
10 65.96 2.64 485
2 35 76.35|  3.033 404
(0.888mm?) 5 705 2948 449
10 6375| 2663 50.2
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SEMICONDUCTOR MEMORY DEVICE WITH
MEMORY ARRAY AND DUMMY MEMORY
ARRAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2012-
129919 filed on Jun. 7, 2012 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND

The present invention relates to a semiconductor device
which is suitable, for example, for an MRAM (Magnetic
Random Access Memory).

In recent years, MRAMSs have been attracting attention as
semiconductor devices which can store nonvolatile data at
low power consumption. An MRAM includes a plurality of
memory cells MC disposed in a plurality of rows and a plu-
rality of columns, a plurality of digit lines DL located in a way
to correspond to the rows respectively and a plurality of bit
lines BL located in a way to correspond to the columns. In
write operation, current Im is supplied to selected digit lines
DL to activate the memory cells corresponding to the digit
lines DL and write current Iw whose direction depends on the
logic level of a data signal is supplied to selected bit lines BL.
Consequently the data signal is written in the memory cells
MC located at the intersections between the selected digit
lines DL and bit lines BL.

In order to reduce noise caused by voltage fluctuations in
power wiring and grounding wiring, some MRAMs include a
capacitor coupled between power wiring and grounding wir-
ing (for example, see Japanese Unexamined Publication No.
2005-303156 and Japanese Unexamined Patent Publication
No. 2011-3768).

SUMMARY

However, these existing semiconductor devices have a
problem that the chip area must be larger due to the existence
of a capacitor.

The above and further objects and novel features of the
invention will more fully appear from the following detailed
description in this specification and the accompanying draw-
ings.

According to an aspect of the present invention, a capacitor
is formed in the dummy memory array of a memory mat
around the memory array of the mat.

According to another aspect of the present invention, noise
can be reduced without an increase in chip area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing the structure of the
memory array of an MRAM according to a first embodiment
of the present invention;

FIG. 2 is a circuit diagram showing the structure of a
memory cell shown in FIG. 1;

FIG. 3 is a diagram illustrating how data is written in the
memory cell shown in FIG. 2;

FIG. 4 is another diagram illustrating how data is written in
the memory cell shown in FIG. 2;

FIG. 5 is a diagram illustrating how data is read from the
memory cell shown in FIG. 2;
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FIG. 6 is a block diagram showing the sections of the
MRAM shown in FIGS. 1 to 5 which are related to data
writing;

FIG. 7 is a block diagram showing the structure of a DL
driver shown in FIG. 6;

FIG. 8 is a block diagram showing the structure of a BL
driver shown in FIG. 6;

FIG. 9 is a diagram illustrating how the memory array
shown in FIG. 1 is formed;

FIG. 10 is a plan view of key parts of the memory array and
dummy memory array shown in FIG. 9;

FIGS. 11A and 11B are sectional views of the memory
array and dummy memory array shown in FIG. 10, in which
FIG. 11A shows the memory array and FIG. 11B shows the
dummy memory array;

FIGS. 12A and 12B are plan views of key parts of the
memory array and dummy memory array according to the
first embodiment;

FIGS. 13A and 13B are sectional views of the memory
array and dummy memory array shown in FIGS. 12A and
12B, in which FIG. 13A shows the memory array and FIG.
13B shows the dummy memory array;

FIGS. 14A and 14B are plan views of a first variation of the
first embodiment, in which FIG. 14A shows the memory
array and FIG. 14B shows the dummy memory array;

FIGS. 15A and 15B are sectional views of the memory
array and dummy memory array shown in FIGS. 14A and
14B, in which FIG. 15A shows the memory array and FIG.
15B shows the dummy memory array;

FIGS. 16A and 16B are plan views of a second variation of
the first embodiment, in which FIG. 16A shows the memory
array and FIG. 16B shows the dummy memory array;

FIGS. 17A and 17B are sectional views of the memory
array and dummy memory array shown in FIGS. 16A and
16B, in which FIG. 17A shows the memory array and FIG.
17B shows the dummy memory array;

FIGS. 18A and 18B are plan views of a third variation of
the first embodiment, in which FIG. 18A shows the memory
array and FIG. 18B shows the dummy memory array;

FIGS. 19A and 19B are sectional views of the memory
array and dummy memory array shown in FIGS. 18A and
18B, in which FIG. 19A shows the memory array and FIG.
19B shows the dummy memory array;

FIGS. 20A and 20B are plan views of a fourth variation of
the first embodiment, in which FIG. 20A shows the memory
array and FIG. 20B shows the dummy memory array;

FIGS. 21A and 21B are sectional views of the memory
array and dummy memory array shown in FIGS. 20A and
20B, in which FIG. 21A shows the memory array and FIG.
21B shows the dummy memory array;

FIGS. 22A and 22B are plan views of a fifth variation of the
first embodiment, in which FIG. 22A shows the memory
array and FIG. 22B shows the dummy memory array;

FIGS. 23A and 23B are sectional views of the memory
array and dummy memory array shown in FIGS. 22A and
22B, in which FIG. 23 A shows the memory array and FIG.
23B shows the dummy memory array;

FIGS. 24 A and 24B are plan views of a sixth variation of
the first embodiment, in which FIG. 24A shows the memory
array and FIG. 24B shows the dummy memory array;

FIGS. 25A and 25B are sectional views of the memory
array and dummy memory array shown in FIGS. 24A and
24B, in which FIG. 25A shows the memory array and FIG.
25B shows the dummy memory array;
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FIGS. 26 A and 26B are sectional views of a seventh varia-
tion of the first embodiment, in which FIG. 26 A shows the
memory array and FIG. 26B shows the dummy memory
array;

FIGS. 27A and 27B are sectional views of an eighth varia-
tion of the first embodiment, in which FIG. 27A shows the
memory array and FIG. 27B shows the dummy memory
array;

FIGS. 28A and 28B are plan views of key parts of the
memory array and dummy memory array according to a
second embodiment of the present invention, in which FIG.
28A shows the memory array and FIG. 28B shows the
dummy memory array;

FIGS. 29A and 29B are sectional views of the memory
array and dummy memory array shown in FIGS. 28A and
28B, in which FIG. 29A shows the memory array and FIG.
29B shows the dummy memory array;

FIGS.30A and 30B are plan views of a first variation of the
second embodiment, in which FIG. 30A shows the memory
array and FIG. 30B shows the dummy memory array;

FIGS. 31A and 31B are sectional views of the memory
array and dummy memory array shown in FIGS. 30A and
30B, in which FIG. 31A shows the memory array and FIG.
31B shows the dummy memory array;

FIGS. 32A and 32B are plan views of a second variation of
the second embodiment, in which FIG. 32A shows the
memory array and FIG. 32B shows the dummy memory
array;

FIGS. 33A and 33B are sectional views of the memory
array and dummy memory array shown in FIGS. 32A and
32B, in which FIG. 33 A shows the memory array and FIG.
33B shows the dummy memory array;

FIGS. 34A and 34B are plan views of a third variation of
the second embodiment, in which FIG. 34A shows the
memory array and FIG. 34B shows the dummy memory
array;

FIGS. 35A and 35B are sectional views of the memory
array and dummy memory array shown in FIGS. 34A and
34B, in which FIG. 35A shows the memory array and FIG.
35B shows the dummy memory array;

FIGS. 36A and 36B are plan views of a fourth variation of
the second embodiment, in which FIG. 36A shows the
memory array and FIG. 36B shows the dummy memory
array;

FIGS. 37A and 37B are sectional views of the memory
array and dummy memory array shown in FIGS. 36A and
36B, in which FIG. 37A shows the memory array and FIG.
37B shows the dummy memory array;

FIGS. 38A and 38B are plan views of a fifth variation of the
second embodiment, in which FIG. 38A shows the memory
array and FIG. 38B shows the dummy memory array;

FIGS. 39A and 39B are sectional views of the memory
array and dummy memory array shown in FIGS. 38A and
38B, in which FIG. 39A shows the memory array and FIG.
39B shows the dummy memory array;

FIGS. 40A and 40B are plan views of a sixth variation of
the second embodiment, in which FIG. 40A shows the
memory array and FIG. 40B shows the dummy memory
array;

FIGS. 41A and 41B are sectional views of the memory
array and dummy memory array shown in FIGS. 40A and
40B, in which FIG. 41A shows the memory array and FIG.
41B shows the dummy memory array;

FIGS. 42A, 42B, and 42C show a variation of the first and
second embodiments, in which FIG. 42A is a sectional view
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taken in a direction parallel to bit lines, FIG. 42B is a sectional
view taken in a direction parallel to digit lines, and FI1G. 42C
is a plan view;

FIGS. 43A, 43B, and 43C show another variation of the
first and second embodiments, in which FIG. 43A is a sec-
tional view taken in a direction parallel to bit lines, FIG. 43B
is a sectional view taken in a direction parallel to digit lines,
and FIG. 43C is a plan view;

FIGS. 44A, 44B, and 44C show a further variation of the
first and second embodiments, in which FIG. 44A is a sec-
tional view taken in a direction parallel to bit lines, FIG. 44B
is a sectional view taken in a direction parallel to digit lines,
and FIG. 44C is a plan view;

FIGS. 45A, 45B, and 45C show a further variation of the
first and second embodiments, in which FIG. 45A is a sec-
tional view taken in a direction parallel to bit lines, FIG. 45B
is a sectional view taken in a direction parallel to digit lines,
and FIG. 45C is a plan view;

FIGS. 46A, 46B, and 46C show a further variation of the
first and second embodiments, in which FIG. 46A is a sec-
tional view taken in a direction parallel to bit lines, FIG. 46B
is a sectional view taken in a direction parallel to digit lines,
and FIG. 46C is a plan view;

FIGS. 47A, 47B, and 47C show a further variation of the
first and second embodiments, in which FIG. 47A is a sec-
tional view taken in a direction parallel to bit lines, FIG. 47B
is a sectional view taken in a direction parallel to digit lines,
and FIG. 47C is a plan view;

FIG. 48 is a circuit diagram illustrating the problem of an
MRAM in the related art;

FIG. 49 is a circuit diagram of a key part of an MRAM
according to a third embodiment of the present invention; and

FIGS. 50A, 50B, and 50C show simulation test results of
the MRAM shown in FIG. 49, in which FIG. 50A shows
results at 50 MHz, FIG. 50B shows results at 80 MHz, and
FIG. 50C shows results at 100 MHz.

DETAILED DESCRIPTION
First Embodiment

As shown in FIG. 1, the memory array MA of an MRAM
according to the first embodiment includes a plurality of
memory cells MC, a plurality of word lines WL, a plurality of
digit lines DL, and a plurality of bit lines BL. The memory
cells MC are disposed in a plurality of rows and a plurality of
columns (for example, 256 rows, 256 columns). The word
lines WL are located in a way to correspond to the rows
respectively. The digit lines DL are located in away to corre-
spond to the rows respectively. The bit lines BL are located in
a way to correspond to the columns respectively.

As shown in FIG. 2, each memory cell MC includes a
tunnel magnetoresistance element TMR and an access tran-
sistor (N channel MOS transistor) ATR. The tunnel magne-
toresistance element TMR and access transistor ATR are
coupled in series between the corresponding bit line BL. and
grounding voltage VSS and the gate of the access transistor
ATR is coupled to the corresponding word line WL. The
tunnel magnetoresistance element TMR is an element whose
electric resistance value changes according to the logic of
stored data.

As shown in FIG. 3, the tunnel magnetoresistance element
TMR includes a fixed magnetization film FL, tunnel insulat-
ing film TB and free magnetization film VL. which are stacked
between an electrode EL and the bit line BL. The fixed mag-
netization film FL. and free magnetization film VL are each
ferromagnetic film. The direction of magnetization of the
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fixed magnetization film is fixed to one direction. Regarding
the direction of magnetization of the free magnetization film
VL, writing is done in one direction or the other direction. If
the direction of magnetization of the fixed magnetization film
FL is the same as that of the free magnetization film VL, the
resistance value of the tunnel magnetoresistance element
TMR is relatively small and if their directions of magnetiza-
tion are opposite to each other, the electric resistance value of
the tunnel magnetoresistance element TMR is relatively
large. The two resistance values of the tunnel magnetoresis-
tance element TMR correspond to, for example, data signals
0 and 1 respectively.

For data writing, as shown in FIG. 3, the word line WL is
set to a non-selected level “L” to make the access transistor
ATR nonconductive and supply current Im to the digit line DL,
and supply write current Iw to the bit line BL.. The direction of
magnetization of the free magnetization film VL depends on
the combination of the directions of current Im ad write
current Iw.

FIG. 4 is a diagram showing the relation between the direc-
tions of current Im and write current Iw and the direction of
magnetization for data writing. Referring to FIG. 4, magnetic
field Hx on the horizontal axis denotes magnetic field H (DL)
generated by current Im flowing in the digit line DL. On the
other hand, magnetic field Hy on the vertical axis denotes
magnetic field H (BL) generated by write current Iw flowing
in the bit line BL.

As for the magnetization direction stored in the free mag-
netization film VL, writing is newly done only when the sum
of magnetic fields H(DL) and H(BL) is in a zone outside the
asteroid characteristic line shown in the figure. In other
words, when a magnetic field corresponding to the zone
inside the asteroid characteristic line is applied, the magneti-
zation direction stored in the free magnetization film VL is not
updated. Therefore, in order to update the stored data in the
tunnel magnetoresistance element TMR by write operation, it
is necessary to supply current to both the digit line DL and bit
line BL. It is assumed here that current Im flowing in one
direction is supplied to the digit line DL and write current Iw
whose direction depends on the logic (0 or 1) of the data
signal is supplied to the bit line BL. The magnetization direc-
tion once stored in the tunnel magnetoresistance element
TMR or stored data is held in a nonvolatile manner until new
data is written.

For data reading, as shown in FIG. 5, the word line is set to
the selected level H so that the access transistor ATR becomes
conductive and current Is flows from the bit line BL to the
grounding voltage VSS line through the tunnel magnetoresis-
tance element TMR and access transistor ATR. The value of
the current Is varies according to the resistance value of the
tunnel magnetoresistance element TMR. Therefore, the
stored data in the tunnel magnetoresistance element TMR is
read by detection of the current Is value.

FIG. 6 is a block diagram showing the sections of the
MRAM related to data writing. Referring to FIG. 6, in addi-
tion to the memory array MA, the MRAM includes an address
buffer 1, 10 buffer 2, write timing controller 3, row decoders
4, 5, DL drivers 7, 7, column decoders 8, 9, write data con-
trollers 10, 11, and BL drivers 12, 13.

The address buffer 1 receives external address signals
ADDO to ADD12 synchronously with the rising edge of a
clock signal CLK and generates row address signals RA0 to
RA7 and column address signals CA0 to CA12. The 1O buffer
2 receives write data signals D0 to D15 synchronously with
the rising edge of the clock signal CLK and generates internal
data signals WD0 to WD15.
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The write timing controller 3 generates digit line enable
signal DLEN and bit line enable signal BLEN when chip
enable signal ZCE and write enable signal ZWE are both set
to the L level as an active level at the rising edge of the clock
signal CLK.

The row decoder 4 generates internal address signals
SDWO0 to SDW3 according to digit line enable signal DLEN
and row address signals RA0 and RA1. The row decoder 5
generates internal address signals ZWBS0 to ZWBS15 and
MDLO to MDL63 according to row address signals RA2 to
RA7. The 256 digit lines DL of the memory array MA are
divided into groups each having sixteen digit lines.

The DL driver 6 selects one of the sixteen digit line groups
according to the internal address signals ZWBS0to ZWBS15
and applies the supply voltage VDD to one end of each of the
sixteen digit lines of the selected digit line group.

The DL driver 7 selects one digit line DL of the 256 digit
lines DL according to the internal address signals SDWO0 to
SDW3 and MDL.0 to MDL.63 and supplies current Im whose
value depends on reference voltage VREFDL, from the other
end of the selected digit line DL to the grounding voltage VSS
line.

The row decoders 8 and 9 each generate bit line select
signals BL.S0 to BL.S15 according to column address signals
CAO0 to CA3. The write data controller 10 generates write
control signals WDPL0O to WDPL15 and WDNLO to
WDNL15 according to the internal data signals WDO to
WD15 and bit line enable signal BLEN. The write data con-
troller 11 generates write control signals WDPRO to
WDPR15 and WDNRO to WDNR15 according to the internal
data signals WD0 to WD15 and bit line enable signal BLEN.
The 256 bit lines BL. of the memory array MA are divided into
groups each having sixteen bit lines.

The BL drivers 12 and 13 each select one bitline BL ofthe
sixteen bit lines BL of each of the sixteen bit line groups
according to bit line select signals BL.S0 to BLS15 to select a
total of sixteen bit lines BL. The BL driver 12 operates
according to the write control signals WDPL0 to WDPL15
and WDNLO to WDNLI15 and applies the supply voltage
VDD or grounding voltage VSS to one end of each of the
selected sixteen bit lines BL. The BL driver 13 operates
according to the write control signals WDPR0 to WDPR15
and WDNRO to WDNR15 and applies the grounding voltage
VSS or supply voltage VDD to one end of each of the selected
sixteen bit lines BL.

Thus the BL drivers 12 and 13 supply write current Iw
whose direction (polarity) depends on the logic level of write
data signals D0 to D15, to the selected sixteen bit lines BL.
respectively. The value of write current Iw is set according to
the reference voltage VREFBL.

FIG. 7 is a circuit diagram showing the structure of the DL,
drivers 6 and 7. Referring to FIG. 7, the 256 digit lines DL of
the memory array MA are divided into sixteen digit line
groups DLGO to DLG15 each having sixteen digit lines. One
end of each of the sixteen digit lines DL of each digit line
group DLG is commonly coupled to node N20. Each digit
line DL has parasitic resistance.

The DL driver 6 includes sixteen P-channel MOS transis-
tors 20 corresponding to the sixteen digit line groups DLGO0to
DLG15. The source of each P-channel MOS transistor 20
receives the supply voltage VDD and its drain is coupled to
the node N20 of the corresponding digit line group DL.G. The
gates of the sixteen P-channel MOS transistors 20 corre-
sponding to the sixteen digit line groups DLGO to DLG15
receive the internal address signals ZWBS0 to ZWBS15
respectively.
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Line L1 of supply voltage VDD is provided along the
sources of the sixteen P-channel MOS transistors 20 of the
DL driver 6. A plurality of capacitors C1 are disposed along
the supply voltage VDD line L1 and each capacitor C1 is
coupled between the supply voltage VDD line and the
grounding voltage VSS line. The capacitors C1 are intended
to stabilize the supply voltage VDD supplied to the DL driver
6 and decrease the peak value of output current (current
flowing in the supply voltage VDD line 1) of the external
power source of the MRAM to suppress noise.

The DL driver 6 also includes a capacitor C2 located in a
way to correspond to each digit line DL. Each capacitor C2 is
coupled between the corresponding digit line DL and ground-
ing voltage VSS line in order to decrease the peak value of
current Im flowing in the corresponding digit line DL.

The DL driver 7 includes capacitors C3 and N-channel
MOS transistors 21 corresponding to the digit lines DL. The
DL driver 7 includes sixteen N-channel MOS transistors 22
corresponding to the sixteen digit line groups DLGO to
DLG15 and a logic circuit 23. Each capacitor C3 is coupled
between the corresponding digit line D1 and grounding volt-
age VSS line in order to decrease the peak value of current Im
flowing in the corresponding digit line DL.

The gates of the 256 N-channel MOS transistors 21 receive
digit line select signals DLS0 to DLS255 respectively. Each
N-channel MOS transistor 21 is coupled between the other
end of the corresponding digit line DL and the drain (node
N21) of the corresponding N-channel MOS transistor 22.
Each N-channel MOS transistor 21 is conductive when the
corresponding digit line select signal DLS is set to the active
level “H” level, and it is nonconductive when the correspond-
ing digit line select signal DLS is set to the non-active level
“L” level.

An N-channel MOS transistor 22 is coupled between the
node N21 and grounding voltage VSS line and its gate
receives the reference voltage VREFDL. The N-channel
MOS transistor 22 constitutes a constant current element
which supplies a current with a value depending on the ref-
erence voltage VREFDL, from the node N21 to the grounding
voltage VSS line.

The logic circuit 23 selects one of the 256 digit line select
signals DLS0 to DLS255 according to the internal address
signals SDW0 to SWD3 and MDL0 to MDL63 and sets the
selected digit line select signal DLS to the active level “H”
level.

Next, how the DL drivers 6 and 7 operate will be described.
It is assumed here that the second digit line DL from left
among the sixteen digit lines DL of the digitline group DLG0
is specified by the internal address signals SDW0 to SDW3
and MDLO0 to MDL63.

First, the internal address signal ZWBS0 falls to the active
level “L” level and the P-channel MOS transistor 20 corre-
sponding to the digit line group DLG0 becomes conductive.
Then, the digit line select signal DLS1 rises to the active level
“H” level and the N-channel MOS transistor 21 becomes
conductive and current Im flows in the digit line DL. Due to
the existence of the capacitor C1, the peak value of supply
current flowing from the external power source to the MRAM
(namely current flowing in the supply voltage VDD line [.1)
is held low. Also, due to the existence of the capacitors C2 and
C3, the peak value of current Im is held low.

Then, the digit line select signal DLS1 falls to the non-
active level L level and the N-channel MOS transistor 21
becomes nonconductive and current Im is shut off. Also, the
internal address signal ZWBSO0 rises to the non-active level
“H” level and the P-channel MOS transistor 20 corresponding
to the digit line group DLGO becomes nonconductive.
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Ifthe capacitors C1 to C3 do not exist, when the N-channel
MOS transistors 20 and 21 are conductive, the peak value of
the supply current flowing from the external power source to
the MRAM would be high, generating noise. Also, the peak
value of current Im would be high, which would excessively
disturb the memory cells MC corresponding to the selected
digit line DL and reduce the write noise margin. For this
reason, the related art has a problem that the probability of
writing errors is high. By contrast, in the first embodiment, an
overshoot of current Im is small and the write noise margin
can be held high so that the probability of writing errors is
low.

FIG. 8 is a circuit diagram showing the structure of the BL,
drivers 12 and 13. Referring to FIG. 8, the 256 bit lines BL of
the memory array MA are divided into sixteen bit line groups
BLGO to BLG15 each having sixteen bit lines. Each bit line
BL has parasitic resistance.

The BL driver 12 includes a P-channel MOS transistor 40
and N-channel MOS transistors 41 and 42 which correspond
to each bit line group BLG. Supply voltage VDD line [.2 is
provided along the sources of the sixteen P-channel MOS
transistors 40 ofthe BL driver 12. A plurality of capacitors C4
are disposed along the supply voltage VDD line [.2 and each
capacitor C4 is coupled between the supply voltage VDD line
L2 and grounding voltage VSS line. The capacitors C4 are
intended to stabilize the supply voltage VDD, decrease the
peak value of output current (namely current flowing in the
supply voltage VDD line 1.2) of the external power source of
the MRAM and suppress noise.

The P-channel MOS transistor 40 is coupled between the
supply voltage VDD line L2 and node N40 and its gate
receives write control signal WDPLO0. The drain of the
N-channel MOS transistor 41 is coupled to the node N40 and
its gate receives write control signal WDNLO. The N-channel
MOS transistor 42 is coupled between the source of the
N-channel MOS transistor 41 and the grounding voltage VSS
line and its gate receives the reference voltage VREFBL. The
N-channel MOS transistor 42 constitutes a constant current
element which supplies a current with a value depending on
the reference voltage VREFBL.

The BL driver 12 also includes an N-channel MOS tran-
sistor 43 and a capacitor C5 which correspond to each bit line
BL. The gates of the 256 N-channel MOS transistors 43
receive bit line select signals BLS0 to BL.S255 respectively.
Each N-channel MOS transistor 43 is coupled between one
end of the corresponding bit line BL and the corresponding
node N40. Each N-channel MOS transistor 43 is conductive
when the corresponding bit line select signal BLS is set to the
active level “H” level, and it is nonconductive when the cor-
responding bit line select signal BLS is set to the non-active
level “L” level. Bit line select signals BL.S0 to BL.S255 are
generated from the column address signals CA0 to CA3. Each
capacitor C5 is coupled between the corresponding bit line
BL and the grounding voltage VSS line in order to decrease
the peak value of write current Iw flowing in the correspond-
ing bit line BL.

The BL driver 13 includes a P-channel MOS transistor 50
and N-channel MOS transistors 51 and 52 which correspond
to each bit line group BLG. The P-channel MOS transistor 50
is coupled between the supply voltage VDD line 1.2 and node
N50 and its gate receives write control signal WDPRO. The
drain of the N-channel MOS transistor 51 is coupled to the
node N50 and its gate receives write control signal WDNRO.
The N-channel MOS transistor 52 is coupled between the
source of the N-channel MOS transistor 51 and the grounding
voltage VSS line and its gate receives the reference voltage
VREFBL. The N-channel MOS transistor 52 constitutes a
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constant current element which supplies a current with a
value depending on the reference voltage VREFBL.

The BL driver 13 also includes an N-channel MOS tran-
sistor 53 and a capacitor C6 which correspond to each bit line
BL. The gates of the 256 N-channel MOS transistors 53
receive bit line select signals BLS0 to BL.S255 respectively.
Each N-channel MOS transistor 53 is coupled between the
other end of the corresponding bit line BL. and the corre-
sponding node N50. Each N-channel MOS transistor 53 is
conductive when the corresponding bit line select signal BLS
is set to the active level “H” level, and it is nonconductive
when the corresponding bit line select signal BLS is set to the
non-active level “L.” level. Each capacitor C6 is coupled
between the corresponding bit line BL and the grounding
voltage VSS line in order to decrease the peak value of write
current Iw flowing in the corresponding bit line BL.

Next, how the BL drivers 12 and 13 operate will be
described. It is assumed here that the second bit line BL from
top among the sixteen bit lines BL of the bit line group BLG0
as seen in FIG. 8 is selected. It is also assumed that according
to write control signals WDPL0, WDNL0, WDPRO, and
WDNRO, write current Iw flows in the bit line BL from right
to left as seen in FIG. 8. In the initial state, the transistors 40,
41, 43, 50, 51, and 53 are nonconductive.

First, the write control signal WDNLO rises to the active
level “H” level and the write control signal WDPRO falls to
the active level “L” level and the transistors 41 and 50 become
conductive. Then, the bit line select signal BL.S1 is set to the
active level “H” level and the transistors 43 and 53 corre-
sponding to the bit line select signal BL.S1 become conduc-
tive.

Consequently, write current Iw flows from the supply volt-
age VDD line through the transistors 50 and 53, bit line BL,
and transistors 43, 41, and 42 to the grounding voltage VSS
line. Due to the existence of the capacitor C4, the peak value
of'the supply current flowing from the external power source
to the MRAM (namely current flowing in the supply voltage
VDD line [.2) is held low. Also, due to the existence of the
capacitors C5 and C6, the peak value of write current Iw is
held low. After a given time has elapsed, the transistors 41, 43,
50, and 53 become nonconductive and write current Iw is shut
off.

As write current Iw flows in the bit line BL from right to left
as seen in FIG. 8, for example, data “1” is written in the
memory cell MC at the intersection between the selected bit
line BL and digit line DL. In order to write data “0” in that
memory cell MC, the transistors 40 and 51 should be made
conductive instead of the transistors 41 and 50 and write
current Iw should flow in the bit line BL. from left to right as
seen in FIG. 8.

If'the capacitors C4 to C6 do not exist, when the transistors
40, 43, 53, 51 and 52 are conductive, the peak value of the
supply current flowing from the external power source to the
MRAM would be high, generating noise. Also, the peak value
of write current Iw would be high, which would excessively
disturb the memory cells MC corresponding to the selected
bit line BL and reduce the write noise margin. For this reason,
the related art has a problem that the probability of writing
errors is high. By contrast, in the first embodiment, an over-
shoot of write current Iw is small and the write noise margin
can be held high so that the probability of writing errors is
low.

As mentioned above, the first embodiment includes many
capacitors (C1 to C6). Next, a method for making capacitors
C1 to C6 without an increase in chip area will be described.
Generally in an MRAM, a memory mat MM larger than the
memory array MA is formed as shown in FIG. 9. Like the
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memory array MA, the memory mat MM includes a plurality
of memory cells MC, a plurality of word lines WL, a plurality
of digit lines DL, and a plurality of bit lines BL.

Only the central area of the memory mat MM is used as a
memory array MA in which tunnel magnetoresistance ele-
ments TMR (memory cells) for storing data are disposed. The
area of the memory mat M which surrounds the memory array
is used for a dummy memory array DMA which is not used to
store data. In the dummy memory array DMA, dummy
memory cells, etc. which are not used to store data are dis-
posed. The dummy memory array DMA, located outside the
memory array MA, is intended to equalize the film thickness
of the tunnel magnetoresistance elements TMR in the
memory array MA at the step of planarization using a CMP
(Chemical Mechanical Polishing) process used at the step of
making tunnel magnetoresistance elements TMR. A differ-
ence in meal density causes a difference in the polishing rate
in the CMP process, leading to deterioration in flatness. For
this reason, the dummy memory array DMA in which dummy
memory cells, etc. are disposed so as to equalize the metal
density is located around the memory array MA. In the CMP
process, the film of tunnel magnetoresistance elements TMR
is inevitably thin (or thick) in the peripheral area of the
memory mat MM. For this reason, only its central area, in
which the film thickness of tunnel magnetoresistance ele-
ments TMR can be uniform, is used as a memory array MA.

In the first embodiment, the capacitors C1 to C6 are formed
in the dummy memory array DMA. In the first embodiment,
since the capacitors C1 to C6 are located in the dummy
memory array DMA in which dummy memory cells, etc. are
disposed, an increase in chip size due to the existence of the
capacitors is avoided. The dummy memory array DMA is
divided into eight areas Al to A8. The area Al is an area in
which one end (upper end as seen in FIG. 9) of a bit line BL
passing through the memory array MA is formed. The area A2
is an area in which the other end (lower end as seen in FIG. 9)
of the bit line BL passing through the memory array MA is
formed. The capacitors C5 and C6 are formed in the areas Al
and A2 respectively.

The area A3 is an area in which one end (left end as seen in
FIG. 9) of a digit line DL passing through the memory array
MA is formed. The area A4 is an area in which the other end
(right end as seen in FIG. 9) of the digit line DL passing
through the memory array MA is formed. The capacitors C2
and C3 are formed in the areas A3 and A4 respectively. The
areas A5 to A8 are the four corner areas of the dummy
memory array DMA in which the bit line BL and digit line DL,
passing through the memory array MA do not exist. The
capacitors C1 and C4 are formed in the areas A5 to AS8.

For easy understanding of the first embodiment, an expla-
nation is given below of comparison between the first
embodiment and the related art. First, the configuration of the
memory mat MM of a related art MRAM is described below.
FIG. 10 is a plan view of a key part of the related art memory
mat MM. FIG. 11A is a sectional view taken along the line
XIA-XIA of FIG. 10 and FIG. 11B is a sectional view taken
along the line XIB-XIB of FIG. 10. As shown in FIGS. 10,
11A, and 11B, in the related art memory mat MM, the dummy
memory array DMA is structurally the same as the memory
array MA. A plurality of bit lines BL. are arranged in parallel
at regular intervals and a plurality of digit lines DL are
arranged in parallel under the bit lines at regular intervals.
When seen from above, the bit lines BL. and digit lines DL are
orthogonal to each other.

A rectangular lower electrode EL1 is formed between the
bit line BL and digit line DL at each of the intersections
between the bit line BL and digit line DL and a tunnel mag-
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netoresistance element TMR is formed between one end of
the upper face of the lower electrode EL1 and the bit line BL..
The other end of the lower face of the lower electrode EL1 is
coupled through a via hole VHI, read line RL including a
through hole (hereinafter simply referred to as read line RL),
through hole TH, and contact hole CH to the drain D of an
access transistor ATR located under it. The access transistor
ATR is formed on the surface of a silicon substrate SB. The
gate of the access transistor ATR constitutes a word line WL.
The source S of the access transistor ATR is coupled to the
grounding voltage VSS line (not shown).

Next, the structure of the memory mat MM of the MRAM
according to the first embodiment will be described. FIG.
12A is a plan view of a key part of the memory array MA and
FIG. 12B is a plan view of a key part of the dummy memory
array DMA. FIGS. 12A and 12B each show a unit memory
cell area of the memory array MA and dummy memory array
DMA (area corresponding to one memory cell MC) respec-
tively. A digit line DL extends in a vertical direction as seen in
the figures and a bitline BL. extends in a horizontal (left-right)
direction as seen in the figures. FIG. 13 A is a sectional view
taken along the line XIIIA-XIIIA of FIG. 12A, showing part
A of FIG. 11A. FIG. 13B is a sectional view taken along the
line XITIB-XIIIB of FIG. 12B, showing part B of FIG. 11A.

Referring to FIGS. 12A and 12B and FIGS. 13A and 13B,
in the memory array MA and dummy memory array DMA, a
digit line layer 61 as a metal wiring layer is formed over a
silicon substrate SB and the digit line layer 61 is patterned so
as to form a group of digit lines DL and a group of reading
lines RL. In the dummy memory array DMA, the reading
lines RL are always grounded. A method for grounding a
reading line RL in the dummy memory array DMA may be to
make the access transistor ATR of the dummy memory array
DMA always conductive or to provide another wiring to give
grounding voltage VSS to the reading line RL.

An oxide film 62 is formed in the gap between each digit
line DL of'the digit line group and each reading line RL, of the
reading line group and a P(plasma)-SiN film 63 as an insu-
lating film is formed so as to cover them. An oxide film 64 as
an insulating film is formed over the P-SiN film 63 and a
lower electrode layer 65 as a metal wiring layer is formed over
the surface of the oxide film 64. The lower electrode layer 65
is made of Ta, TaN, Ti, or TiN. A via hole VH1 is formed
between the upper face of each reading line RL and the lower
face of the lower electrode layer 65. The via hole VH1
includes a buried tungsten layer in the center area and a
barrier metal layer in the surface area.

A tunnel magnetoresistance element layer 66 and an upper
electrode layer 67 as a metal wiring layer are stacked over the
lower electrode layer 65. In the memory array MA, the tunnel
magnetoresistance element layer 66 and upper electrode layer
are patterned so as to form a group of tunnel magnetoresis-
tance elements TMR and a group ofupper electrodes EL.2 and
in the dummy memory array DMA, the tunnel magnetoresis-
tance element layer 66 and upper electrode layer 67 are not
patterned.

Next, an LT (Low Temperature)-SiN film 68 as an insulat-
ing film is formed in the memory array MA and dummy
memory array DMA. In the memory array MA, the lower
electrode layer 65 and LT-SiN film 68 are patterned so as to
form a lower electrode EL1 and in the dummy memory array
DMA, they are not patterned.

Next, in the memory array MA and dummy memory array
DMA, an oxide film 69 as an insulating film is formed. A bit
line layer 70 as a metal wiring layer is formed over the oxide
film 69 and the bit line layer 70 is patterned so as to form a
group of bit lines BL.. In the memory array MA, a via hole
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VH2 is formed between the upper face of each upper elec-
trode EL2 and the lower face of the bit line BL and in the
dummy memory array DMA, a via hole VH2 is not formed.
The distance between the upper electrode layer 67 and the bit
line layer 70 is, for example, 50 nm. The distance between the
lower electrode layer 65 and the bit line layer 70 is, for
example, 130 nm. An LT-SiN film 71 as an insulating film and
an oxide film 72 as an insulating film are stacked over the
group of bit lines BL.

In other words, in the MRAM according to the first
embodiment, the structure of the memory array MA is the
same as that in the related art but the structure of the dummy
memory array DMA is different from that in the related art. In
the memory array MA, the lower electrode layer 65, tunnel
magnetoresistance element layer 66 and upper electrode layer
67 are patterned and each upper electrode EL.2 is coupled to a
bit line BL thorough a via hole VH2. On the other hand, in the
dummy memory array DMA, the lower electrode layer 65,
tunnel magnetoresistance element layer 66 and upper elec-
trode layer 67 are not patterned and a via hole VH2 is not
formed between the upper electrode layer 67 and bit line BL.
and the reading lines RL are grounded. Therefore, in the
dummy memory array DMA, a capacitor is formed between
each digit line DL and the lower electrode layer 65 and
reading line RL and a capacitor is formed between each bit
line BL. and the upper electrode layer 67 is formed. In the
dummy memory array DMA, the tunnel magnetoresistance
element layer 66 is used as a conductive layer with a pre-
scribed resistance value.

Referring to FIGS. 7 to 9, in the area Al of the dummy
memory array DMA, a capacitor C5 is formed between each
bit line BL and the upper electrode layer 67. In the area A2 of
the dummy memory array DMA, a capacitor C6 is formed
between each bit line BL. and the upper electrode layer 67. In
the area A3 of the dummy memory array DMA, a capacitor
C2 is formed between each digit line DL and the lower elec-
trode layer 65 and reading line RL. In the area A4 of the
dummy memory array DMA, a capacitor C3 is formed
between each digit line DL and the lower electrode layer 65
and reading line RL.

In the areas A1, A2, and A5 to A8 of the dummy memory
array DMA, the digit lines DL (dummy digit lines) are
coupled to the supply voltage VDD line I.1 or .2 and a
capacitor C1 or C4 is formed between each digit line and the
lower electrode layer 65 and reading line RL. In the arcas A3,
A4, and A5 to A8 of the dummy memory array DMA, the bit
lines DL (dummy bit lines) are coupled to the supply voltage
VDD line L1 or L2 and a capacitor C1 or C4 is formed
between each bit line and the upper electrode layer 67.

As mentioned above, in the first embodiment, since capaci-
tors C1 to C6 are formed in the dummy memory array DMA
around the memory array MA in order to decrease the peak
value of current, noise can be reduced without the need for an
increase in chip area.

When the oxide films 62, 64, 69, and 72 are made of a
material with a high dielectric constant, the capacitances of
the capacitors C1 to C6 can be increased to enhance the noise
reduction effect.

Variations of the First Embodiment

Next, various variations of the first embodiment will be
described. FIGS. 14A and 14B are plan views of a first varia-
tion of the first embodiment which are compared to FIGS.
12A and 12B respectively. FIG. 15A is a sectional view taken
along the line XVA-XVA of FIG. 14A and FIG. 15B is a
sectional view taken along the line XVB-XVB of FIG. 14B.
As shown in FIGS. 14A and 14B and FIGS. 15A and 15B, in
each unit memory cell area of the dummy memory array



US 9,263,113 B2

13

DMA (area corresponding to one memory cell MC), the
tunnel magnetoresistance element layer 66 and upper elec-
trode layer 67 may be patterned so that their sizes are almost
equal to that of the lower electrode EL1.

FIGS. 16A and 16B are plan views of a second variation of
the first embodiment which are compared to FIGS. 12A and
12B respectively. FIG. 17A is a sectional view taken along the
line XVIIA-XVIIA of FIG. 16A and FIG. 17B is a sectional
view taken along the line XVIIB-XVIIB of FIG. 16B. As
shown in FIGS. 16 A and 16B and FIGS. 17A and 17B, in each
unit memory cell area of the dummy memory array DMA, the
lower electrode layer 65, tunnel magnetoresistance element
layer 66 and upper electrode layer 67 may be patterned so that
their sizes are almost equal to that of the lower electrode EL1.

FIGS. 18A and 18B are plan views of a third variation of
the first embodiment which are compared to FIGS. 12A and
12B respectively. FIG. 19A is a sectional view taken along the
line XIXA-XIXA of FIG. 18A and FIG. 19B is a sectional
view taken along the line XIXB-XIXB of FIG. 18B. As shown
in FIGS. 18A and 18B and FIGS. 19A and 19B, in each unit
memory cell area of the dummy memory array DMA, the
tunnel magnetoresistance element layer 66 and upper elec-
trode layer 67 may be patterned so that their sizes are almost
equal to that of the tunnel magnetoresistance element TMR.
In this variation, a capacitor is formed between the bit line
layer 70 and upper electrode layer 67 and also a capacitor is
formed between the bit lie layer 70 and lower electrode layer
65.

FIGS. 20A and 18B are plan views of a fourth variation of
the first embodiment which are compared to FIGS. 18A and
18B respectively. FIG. 21A is a sectional view taken along the
line XXIA-XXIA of FIG. 20A and FIG. 21B is a sectional
view taken along the line XXIB-XXIB of FIG. 20B. As shown
in FIGS. 20A and 20B and FIGS. 21A and 21B, in each unit
memory cell area of the dummy memory array DMA, the
lower electrode layer 65 may be patterned so that its size is
almost equal to that of the lower electrode EL1. The tunnel
magnetoresistance element layer 66 and upper electrode layer
67 are patterned so that their sizes are almost equal to the
tunnel magnetoresistance element TMR.

FIGS.22A and 22B are plan views of a fifth variation of the
first embodiment which are compared to FIGS. 12A and 12B
respectively. FIG. 23 A is a sectional view taken along the line
XXITIA-XXIIIA of FIG. 22A and FIG. 23B is a sectional
view taken along the line XXIIIB-XXIIIB of FIG. 22B. As
shown in FIGS. 22A and 22B and FIGS. 23A and 23B, in the
entire dummy memory array DMA, the tunnel magnetoresis-
tance element layer 66 and upper electrode layer 67 may be
omitted. In this variation, a capacitor is formed between the
bit line layer 70 and lower electrode layer 65.

FIGS. 24A and 24B are plan views of a sixth variation of
the first embodiment which are compared to FIGS. 22A and
22Brespectively. FIG. 25A is a sectional view taken along the
line XXVA-XXVA of FIG. 24A and FIG. 25B is a sectional
view taken along the line XXVB-XXVB of FIG. 24B. As
shown in FIGS. 24 A and 24B and FIGS. 25A and 25B, in each
unit memory cell area of the dummy memory array DMA, the
tunnel magnetoresistance element layer 66 and upper elec-
trode layer 67 may be omitted and the lower electrode layer
65 may be patterned so that its size is almost equal to that of
the lower electrode EL1.

FIGS.26A and 26B are plan views of a seventh variation of
the first embodiment which are compared to FIGS. 23 A and
23B respectively. As shown in FIGS. 26A and 26B, in the
areas Al, A2, and A5 to A8 of the dummy memory array
DMA as shown in FIG. 9, the digit line layer 61 may not be
patterned. However, if that is the case, no capacitor is formed
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between the digit line DL and the lower electrode layer 65 and
reading line RL. The capacitor between each bit line BL, and
the lower electrode layer 65 is not omitted and can be used.

FIGS. 27A and 27B are plan views of an eighth variation of
the first embodiment which are compared to FIGS. 26 A and
26B respectively. As shown in FIGS. 27A and 27B, in each
unit memory cell area of the dummy memory array DMA of
the variation shown in FIGS. 26A and 26B, the lower elec-
trode layer 65 may be patterned so that its size is almost equal
to that of the lower electrode EL1.

Second Embodiment

FIGS. 28A and 28B are plan views of the second embodi-
ment of the present invention which are compared to FIGS.
22A and 22B respectively. FIG. 29 A is a sectional view taken
along the line XXIXA-XXIXA of FIG. 28A and FIG. 29B is
a sectional view taken along the line XXIXB-XXIXB of FIG.
28B.

In the second embodiment, as shown in FIGS. 28A and
28B and FIGS. 29A and 29B, in each unit memory cell area of
the memory array MA, a via hole VH2 is not made and a bit
line BL. is formed directly over the upper electrode EL.2. Inthe
dummy memory array DMA, a tunnel magnetoresistance
element layer 66 is not formed. In the dummy memory array
DMA, the distance between the lower electrode layer 65 and
bit line BL is, for example, 80 nm, so the capacitance of the
capacitor between the bit line BL. and lower electrode layer 65
can be larger than in the first embodiment, permitting effec-
tive removal of noise.

Variations of the Second Embodiment

Next, various variations of the second embodiment will be
described. FIGS. 30A and 30B are plan views of a first varia-
tion of the second embodiment which are compared to FIGS.
28A and 28B respectively. FIG. 31A is a sectional view taken
along the line XXXIA-XXXIA of FIG. 30A and FIG. 31B is
a sectional view taken along the line XXXIB-XXXIB of FIG.
30B. As shown in FIGS. 30A and 30B and FIGS. 31A and
31B, in each unit memory cell area of the dummy memory
array DMA (area corresponding to one memory cell MC), the
lower electrode layer 65 and LT-SiN film 68 may be patterned
so that their sizes are almost equal to that of the lower elec-
trode EL1.

FIGS. 32A and 32B are plan views of a second variation of
the second embodiment which are compared to FIGS. 29A
and 29B respectively. FIG. 33A is a sectional view taken
along the line XXXTITA-XXXIIIA of FIG. 32A and FIG. 33B
is a sectional view taken along the line XXXIIIB-XXXIIIB of
FIG. 32B. As shown in FIGS. 32A and 32B and FIGS. 33A
and 33B, in the areas A3 to A8 of the dummy memory array
DMA as shown in FIG. 9, the tunnel magnetoresistance ele-
ment layer 66 and upper electrode layer 67 may not be pat-
terned. However, if that is the case, no capacitor is formed
between the bit line BL. and the upper electrode layer 67. The
capacitor between each digit line DL and the reading line RL.
is not omitted and can be used.

FIGS. 34A and 34B are plan views of a third variation of
the second embodiment which are compared to FIGS. 32A
and 32B respectively. FIG. 35A is a sectional view taken
along the line XXXVA-XXXVA of FIG. 34A and F1IG. 35B is
a sectional view taken along the line XXXVB-XXXVB of
FIG. 34B. As shown in FIGS. 34A and 34B and FIGS. 35A
and 35B, in each unit memory cell area of the dummy
memory array DMA, the tunnel magnetoresistance element
layer 66 and upper electrode layer 67 may be patterned so that
their sizes are almost equal to that of the lower electrode EL1.
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FIGS. 36A and 36B are plan views of a fourth variation of
the second embodiment which are compared to FIGS. 34A
and 34B respectively. FIG. 37A is a sectional view taken
along the line XXXVIIA-XXXVIIA of FIG. 36A and FIG.
37B is a sectional view taken along the line XXX VIIB-XXX-
VIIB of FIG. 36B. As shown in FIGS. 36 A and 36B and FIGS.
37A and 37B, in each unit memory cell area of the dummy
memory array DMA, the lower electrode layer 65, tunnel
magnetoresistance element layer 66 and upper electrode layer
67 may be patterned so that their sizes are almost equal to that
of the lower electrode EL1.

FIGS. 38A and 38B are plan views of a fifth variation of the
second embodiment which are compared to FIGS. 33A and
33Brespectively. FIG. 39A is a sectional view taken along the
line XXXIXA-XXXIXA of FIG. 38A and FIG. 39B is a
sectional view taken along the line XXXIXB-XXXIXB of
FIG. 38B. As shown in FIGS. 38A and 38B and FIGS. 39A
and 39B, in each unit memory cell area of the dummy
memory array DMA, the tunnel magnetoresistance element
layer 66 and upper electrode layer 67 may be patterned so that
their sizes are almost equal to that of the tunnel magnetore-
sistance element TMR.

FIGS. 40A and 40B are plan views of a sixth variation of
the second embodiment which are compared to FIGS. 38A
and 38B respectively. FIG. 41A is a sectional view taken
along the line XLIA-XLIA of FIG. 40A and FIG. 41B is a
sectional view taken along the line XLIB-XLIB of FIG. 40B.
As shown in FIGS. 40A and 40B and FIGS. 41A and 41B, in
each unit memory cell area of the dummy memory array
DMA, the tunnel magnetoresistance element layer 66 and
upper electrode layer 67 may be patterned so that their sizes
are almost equal to that of the tunnel magnetoresistance ele-
ment TMR and the lower electrode layer 65 may be patterned
so that its size is almost equal to that of the lower electrode
EL1.

Variations of the First and Second Embodiments

Next, various variations of the first and second embodi-
ments will be described. In the variation shown in FIGS. 24A
and 24B and FIGS. 25A and 25B and the variation shown in
FIGS. 30A and 30B and FIGS. 31A and 31B, in the dummy
memory array DMA, the tunnel magnetoresistance element
layer 66 and upper electrode layer 67 are omitted. Conse-
quently a capacitor is formed between each bit line BL. and
each lower electrode FEL1 and also a capacitor is formed
between each digit line DL and the lower electrode EL1.
Depending onthe areas Al to A8 of the dummy memory array
DMA (FIG. 9), at least one layer of the bit line layer 70, lower
electrode layer 65, and digit line layer 61 may not be pat-
terned. Next, further variations of the variation shown in
FIGS. 24A and 24B and FIGS. 25A and 25B and further
variations of the variation shown in FIGS. 30A and 30B and
FIGS. 31A and 31B will be described.

FIG. 42A is a sectional view of a variation of the first and
second embodiments, showing the areas A5 to A8 of the
dummy memory array DMA, which is taken in a direction
parallel to the bit line BL. FIG. 42B is a sectional view taken
along the XLIIB-XLIIB line of FIG. 42A, showing the areas
A5 to A8 of the dummy memory array DMA, which is taken
in a direction parallel to the digit line DL. FIG. 42C is a plan
view showing the structure of each unit memory cell area
MCA (area corresponding to one memory cell MC) of the
areas A5 to A8 of the dummy memory array DMA. In this
variation, as shown in FIGS. 42A to 42C, the tunnel magne-
toresistance element layer 66 and upper electrode layer 67 are
omitted in the dummy memory array DMA.

In the areas A5 to A8 of the dummy memory array DMA,
the bit line layer 70, lower electrode layer 65, and digit line
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layer 61 are not patterned. The lower electrode layer 65 and
digit line layer 61 are coupled to each other through a via hole
VHI1 (not shown) and the digit line layer 61 is grounded. The
oxide films 64 and 69 are made of material with a high
dielectric constant. In this variation, the bit line layer 70 is
coupled to the supply voltage VDD line L1 (FIG. 7) or supply
voltage VDD line L2 (FIG. 8). The capacitor between the bit
line layer 70 and lower electrode layer 65 is capacitor C1
(FIG. 7) or capacitor C4 (FIG. 8).

FIG. 43 A is asectional view of another variation of the first
and second embodiments, showing the areas A3 to A8 of the
dummy memory array DMA, which is taken in a direction
parallel to the bit line BL. FIG. 43B is a sectional view taken
along the XLIIIB-XLIIIB line of FIG. 43 A, showing the areas
A3 to A8 of the dummy memory array DMA, which is taken
in a direction parallel to the digit line DL. FIG. 43C is a plan
view showing the structure of each unit memory cell area
MCA of the areas A3 to A8 of the dummy memory array
DMA. In this variation, as shown in FIGS. 43 A to 43C, the
tunnel magnetoresistance element layer 66 and upper elec-
trode layer 67 are omitted in the dummy memory area DMA.

In the areas A3 to A8 of the dummy memory array DMA,
the bit line layer 70 and lower electrode layer 65 are not
patterned, and only the digit line layer 61 is patterned. The
digit line layer 61 is used to form plural groups of digit lines
DL and reading lines RL. The lower electrode layer 65 and
reading lines R are coupled to each other through via holes
VHI1 (not shown) and the reading lines RL are grounded. The
oxide films 62, 64 and 69 are made of material with a high
dielectric constant.

In this variation, the bit line layer 70 in the arcas A3 to A8
is coupled to the supply voltage VDD line L1 (FIG. 7) or
supply voltage VDD line L2 (FIG. 8). The capacitor between
the bit line layer 70 and lower electrode layer 65 is capacitor
C1 (FIG. 7) or capacitor C4 (FIG. 8). The digit line DL is used
in the same way as in the first embodiment.

FIG. 44A is a sectional view of a further variation of the
first and second embodiments, showing the areas A5 to A8 of
the dummy memory array DMA, which is taken in a direction
parallel to the bit line BL. FIG. 44B is a sectional view taken
along the XLIVB-XLIVB line of FIG. 44A, showing the
areas A5 to A8 of the dummy memory array DMA, which is
taken in a direction parallel to the digit line DL. FIG. 44C is
a plan view showing the structure of each unit memory cell
area MCA of the areas A5 to A8 of the dummy memory array
DMA. In this variation, as shown in FIGS. 44A to 44C, the
tunnel magnetoresistance element layer 66 and upper elec-
trode layer 67 are omitted in the dummy memory area DMA.

In the areas A5 to A8 of the dummy memory array DMA,
the bit line layer 70 and digit line layer 61 are not patterned
and only the lower electrode layer 65 is patterned. The lower
electrode layer 65 is used to form a plurality of lower elec-
trodes EL1. Each lower electrode ELL1 and the digit line layer
61 are coupled to each other through a via hole VH1 (not
shown) and the digit line layer 61 is grounded. The oxide
films 64 and 69 are made of material with a high dielectric
constant. In this variation, the bit line layer 70 is coupled to
the supply voltage VDD line L1 (FIG. 7) or supply voltage
VDD line L2 (FIG. 8). The capacitor between the bit line
layer 70 and lower electrode layer 65 is capacitor C1 (FIG. 7)
or capacitor C4 (FIG. 8).

FIG. 45A is a sectional view of a further variation of the
first and second embodiments, showing the areas A1, A2, and
A5 to A8 of the dummy memory array DMA, which is taken
in a direction parallel to the bitline BL.. FIG. 45B is a sectional
view taken along the XLVB-XILVB line of FIG. 45 A, showing
the areas A1, A2, and A5 to A8 of the dummy memory array
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DMA, which is taken in a direction parallel to the digit line
DL.FIG. 45Cis a plan view showing the structure of each unit
memory cell area MCA of the areas A1, A2, and A5 to A8 of
the dummy memory array DMA. In this variation, as shown in
FIGS. 45A to 45C, the tunnel magnetoresistance element
layer 66 and upper electrode layer 67 are omitted in the
dummy memory array DMA.

In the areas A1, A2, and A5 to A8 of the dummy memory
array DMA, the lower electrode layer 65 and digit line layer
61 are not patterned and only the bit line layer 70 is patterned.
The bit line layer 70 is used to form a plurality ot bit lines BL.
The lower electrode layer 65 and digit line layer 61 are
coupled to each other through a plurality of via holes VH1
(not shown) and the digit line layer 61 is grounded. The oxide
films 64, 69, and 72 are made of material with a high dielectric
constant.

In this variation, the bit lines BL in the areas A5 to A8 are
coupled to the supply voltage VDD line L1 (FIG. 7) or supply
voltage VDD line L2 (FIG. 8). The capacitor between the bit
line layer 70 and lower electrode layer 65 is capacitor C1
(FIG. 7) or capacitor C4 (FIG. 8). The bit lines BL in the areas
Al and A2 are used in the same way as in the first embodi-
ment.

FIG. 46A is a sectional view of a further variation of the
first and second embodiments, showing the areas A3 to A8 of
the dummy memory array DMA, which is taken in a direction
parallel to the bit line BL. FIG. 46B is a sectional view taken
along the XIVIB-XLVIB line of FIG. 46 A, showing the areas
A3 to A8 of the dummy memory array DMA, which is taken
in a direction parallel to the digit line DL. FIG. 46C is a plan
view showing the structure of each unit memory cell area
MCA of the areas A3 to A8 of the dummy memory array
DMA. In this variation, as shown in FIGS. 46 A to 46C, the
tunnel magnetoresistance element layer 66 and upper elec-
trode layer 67 are omitted in the dummy memory area DMA.

In the areas A3 to A8 of the dummy memory array DMA,
the bit line layer 70 is not patterned and the lower electrode
layer 65 and digit line layer 61 are patterned. The lower
electrode layer 65 is used to form a plurality of lower elec-
trodes EL1 and the digit line layer 61 is used to form a
plurality of pairs of digit lines DL and reading lines RL.. The
lower electrode layer 65 and reading lines RL are coupled to
each other through viaholes VH1 (not shown) and the reading
lines RL are grounded. The oxide films 62, 64, and 69 are
made of material with a high dielectric constant.

In this variation, the bit line layer 70 in the areas A3 to A8
is coupled to the supply voltage VDD line L1 (FIG. 7) or
supply voltage VDD line L2 (FIG. 8). The capacitor between
the bit line layer 70 and lower electrode layer 65 is capacitor
C1 (FIG. 7) or capacitor C4 (FIG. 8). The digit lines DL are
used in the same way as in the first embodiment.

FIG. 47A is a sectional view of a further variation of the
first and second embodiments, showing the areas A1, A2, and
A5 to A8 of the dummy memory array DMA, which is taken
in a direction parallel to the bit line BL.. FIG. 47B is a sectional
view taken along the XLVB-XIL.VB line of FIG. 47 A, showing
the areas A1, A2, and A5 to A8 of the dummy memory array
DMA, which is taken in a direction parallel to the digit line
DL.FIG. 47Cis aplan view showing the structure of each unit
memory cell area MCA of the areas A1, A2, and A5 to A8 of
the dummy memory array DMA. In this variation, as shown in
FIGS. 47A to 47C, the tunnel magnetoresistance element
layer 66 and upper electrode layer 67 are omitted in the
dummy memory array DMA.

In the areas A1, A2, and A5 to A8 of the dummy memory
array DMA, the digit line layer 61 is not patterned and the bit
line layer 70 and lower electrode layer 65 are patterned. The
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bit line layer 70 is used to form a plurality of bit lines BL. and
the lower electrode layer 65 is used to form a plurality of
lower electrodes EL1. The lower electrode layer 65 and digit
line layer 61 are coupled to each other through via holes VH1
(not shown) and the digit line layer 61 is grounded. The oxide
films 64, 69, and 72 are made of material with a high dielectric
constant.

In this variation, the bit lines BL in the areas A5 to A8 are
coupled to the supply voltage VDD line L1 (FIG. 7) or supply
voltage VDD line L2 (FIG. 8). The capacitor between the bit
line layer 70 and lower electrode layer 65 is capacitor C1
(F1G.7) or capacitor C4 (FIG. 8). The bit lines BL. in the areas
Al and A2 are used in the same way as in the first embodi-
ment.

Third Embodiment

FIG. 48 is a circuit diagram which illustrates the problem
of an MRAM in the related art. Referring to FIG. 48, the
MRAM has a memory array MA which includes a plurality of
bitlines BL. The bit lines BL are divided into a plurality of (32
in this case) bit line groups each having a prescribed number
of'bit lines and drivers 80 and 81 are provided for each bit line
group. In write operation, one bit line BL is selected from
each bit line group and that bit line BL is coupled between the
corresponding drivers 80 and 81. FIG. 48 shows that 32 bit
lines BL are selected and the selected bit lines BL are coupled
between the corresponding drivers 80 and 81 respectively. In
each selected bit line BL, current flows in a direction which
depends on the logic level of the write data signal. FIG. 48
shows that currents flow in the same direction in the 32
selected bit lines BL.

Each driver 80 receives internal supply voltage intVCC
from an internal supply voltage intVCC line .10. The internal
supply voltage intVCC line L10 is coupled to an external
supply voltage extVCC line (3.3 V). Each driver 81 receives
grounding voltage VSS. In write operation, 4.0 mA current
flows in each bit line BL. and the peak output current of the
external power source (not shown) is 128.0 mA (=32x4.0
mA). The problem here is that such current may cause noise.

FIG. 49 is a circuit diagram showing the structure of the
MRAM according to the third embodiment which is com-
pared to FIG. 48. In this MRAM, a resistance element 82 is
coupled between the external supply voltage extVCC line and
the internal supply voltage intVCC line [.10 and a capacitor
83 is coupled between the internal supply voltage intVCC line
L10 and the grounding voltage VSS line.

As for the MRAM shown in FIG. 49 according to the third
embodiment, a simulation was conducted to find the relation
among operation speed, capacitance value C (nF) of the
capacitor 83, resistance value (Q2) of the resistance element
82, peak current (mA), internal supply voltage intVCC, and
peak reduction ratio (5). FIGS. 50 A to 50C show the results of
the simulation. The simulation was conducted at the follow-
ing three different operation speeds: 50 MHz (20 ns), 80 MHz
(12.5 ns), and 100 MHz (10 ns). For the capacitance value
C(nF) of the capacitor 83, three different values, 1, 1.5, and 2,
were used. When the capacitance value C(nF) of the capacitor
83 was 1, 1.5, and 2, the area of the capacitor 83 was 0.444,
0.666, and 0.888 (mm?) respectively. For the resistance value
(Q) of the resistance element 82, three different values, 3.5, 5,
and 10, were used.

As shown in FIGS. 50A to 50C, when the capacitance value
C(uF) of the capacitor 83 is larger, the peak current (mA) is
smaller, resulting in a higher peak reduction ratio (%). In
order to increase the capacitance value C(nF) of the capacitor
83, the area of the capacitor 83 must be larger. In the present
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invention, the capacitor 83 is located in the dummy memory
array DMA, so the capacitance value of the capacitor 83 can
be increased without an increase in chip area.

Also, when the resistance value (Q) of the resistance ele-
ment 82 is larger, the peak current (mA) is smaller, resulting
in a higher peak reduction ratio (%). However, when the
resistance value (Q) of the resistance element 82 is larger, the
internal supply voltage intVCC is lower. Alternatively,
instead of using the resistance element 82, the cross-sectional
area of the wiring for supplying the internal supply voltage
intVCC may be decreased to increase the wiring resistance.
When the operating frequency (MHz) is higher, the peak
reduction ratio is lower, but the peak reduction ratio is still
high even at 100 MHz.

The invention made by the present inventors has been so far
concretely explained in reference to preferred embodiments
thereof. However, the invention is not limited to the above
embodiments and it is obvious that these details may be
modified in various ways without departing from the spirit
and scope of the invention.

What is claimed is:

1. A semiconductor device comprising:

a memory mat formed on a semiconductor substrate sur-
face, a central area of the memory mat being used as a
memory array for storing information and a peripheral
area of the memory mat around the memory array being
used as a dummy memory array,

the memory array comprising:

a plurality of magnetoresistance elements disposed in a
plurality of rows and a plurality of columns, each storing
a data signal according to level change of a resistance
value;

a plurality of digit lines located in a way to correspond to
the rows respectively;

aplurality of bit lines located in a way to correspond to the
columns respectively; and

a write circuit which is driven by a supply voltage and
supplies an activation current to a digit line correspond-
ing to a selected magnetoresistance element among the
magnetoresistance elements and supplies a write current
to a bit line corresponding to the selected magnetoresis-
tance element to write a data signal in the selected mag-
netoresistance element, and

the dummy memory array comprising:

a capacitor coupled between each digit line, each bit line or
a line of the supply voltage and a reference voltage line,
wherein:

the memory mat includes a digit line layer, a lower elec-
trode layer, a magnetoresistance element layer, an upper
electrode layer, and a bit line layer which are formed
over the semiconductor substrate surface sequentially;

the magnetoresistance elements are formed using the mag-
netoresistance element layer;

the digit lines are formed using the digit line layer;

the bit lines are formed using the bit line layer;

the memory array further includes a plurality of lower
electrodes formed using the lower electrode layer and
located in a way to correspond to the magnetoresistance
elements respectively and a plurality of upper electrodes
formed using the upper electrode layer and located in a
way to correspond to the magnetoresistance elements
respectively;

each magnetoresistance element is formed between a cor-
responding upper electrode and a corresponding lower
electrode; and
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the capacitor is formed using the digit line layer or the bit
line layer and at least one layer among the lower elec-
trode layer, the magnetoresistance element layer, and the
upper electrode layer.

2. The semiconductor device according to claim 1,

wherein the bit lines extend to the dummy memory array;
and

wherein the capacitor is formed between each bit line and
at least one of the upper electrode layer and the lower
electrode layer.

3. The semiconductor device according to claim 2,

wherein in the dummy memory array the magnetoresis-
tance element layer and the upper electrode layer are not
patterned, and

wherein the capacitor is formed between each bit line and
the upper electrode layer.

4. The semiconductor device according to claim 2,

wherein in the dummy memory array the magnetoresis-
tance element layer and the upper electrode layer are
patterned, and

wherein the capacitor is formed between each bit line and
the upper electrode layer and between each bit line and
the lower electrode layer.

5. The semiconductor device according to claim 2,

wherein in the dummy memory array the magnetoresis-
tance element layer and the upper electrode layer are
omitted, and

wherein the capacitor is formed between each bit line and
the lower electrode layer.

6. The semiconductor device according to claim 1,

wherein the dummy memory array includes a dummy bit
line formed using the bit line layer and located parallel to
the bit lines, and

wherein the capacitor is formed between the dummy bit
line and at least one of the upper electrode layer and the
lower electrode layer and coupled between the supply
voltage line and the reference voltage line.

7. The semiconductor device according to claim 6,

wherein in the dummy memory array the magnetoresis-
tance element layer and the upper electrode layer are not
patterned, and

wherein the capacitor is formed between the dummy bit
line and the upper electrode layer.

8. The semiconductor device according to claim 6,

wherein in the dummy memory array the magnetoresis-
tance element layer and the upper electrode layer are
patterned, and

wherein the capacitor is formed between the dummy bit
line and the upper electrode layer and between the
dummy bit line and the lower electrode layer.

9. The semiconductor device according to claim 6,

wherein in the dummy memory array the magnetoresis-
tance element layer and the upper electrode layer are
omitted, and

wherein the capacitor is formed between the dummy bit
line and the lower electrode layer.

10. The semiconductor device according to claim 1,

wherein the digit lines extend to the dummy memory array;

wherein the capacitor is formed between each digit line and
the lower electrode layer, and

wherein the lower electrode layer is coupled to the refer-
ence voltage line.

11. The semiconductor device according to claim 1,

wherein the dummy memory array includes a dummy digit
line formed using the digit line layer and located parallel
to the digit lines, and
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wherein the capacitor is formed between the dummy digit
line and the lower electrode layer and coupled between
the supply voltage line and the reference voltage line.
12. The semiconductor device according to claim 1,

wherein a lower face of the bit line layer and an upper face 5

of the upper electrode layer are in contact with each
other, and

wherein the capacitor is formed between the digit line layer
and the lower electrode layer.

13. The semiconductor device according to claim 12,

wherein the digit lines extend to the dummy memory array;

wherein the capacitor is formed between each digit line and
the lower electrode layer, and

wherein the lower electrode layer is coupled to the refer-
ence voltage line.

14. The semiconductor device according to claim 12,

wherein the dummy memory array includes a dummy digit
line formed using the digit line layer and located parallel
to the digit lines, and
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wherein the capacitor is formed between the dummy digit
line and the lower electrode layer and coupled between
the supply voltage line and the reference voltage line.

15. The semiconductor device according to claim 1,
wherein an oxide film with a high dielectric constant is
formed between the bit line layer and at least one of the upper
electrode layer and the lower electrode layer.

16. The semiconductor device according to claim 1,
wherein an oxide film with a high dielectric constant is
formed between the digit line layer and the lower electrode
layer.

17. The semiconductor device according to claim 1,
wherein the capacitor decreases a peak value of the activation
current, the write current, or a current flowing in the supply
voltage line.



